Introduction {#sec1-1}
============

Acute kidney injury (AKI) is a common clinical problem in the community and especially in critically ill patients and is associated with an increase in morbidity and mortality.\[[@ref1]\] It is a clinical manifestation of several disorders that affect the kidney acutely characterized by the rapid loss of the kidneys excretory function and is typically diagnosed by the accumulation of end products of nitrogen metabolism. The incidence of community-acquired AKI reported in India was 4.14/1000 admissions in 1996--2008 with a mortality of 10.98%.\[[@ref2]\]

Multiple epidemiologic investigations have provided a broad range of estimates of the incidence of AKI in critically ill patients, and the incidence varied between 15% and 50%.\[[@ref3]\] Better classification of renal failure by the risk, injury, failure, loss, end stage (RIFLE), and Acute Kidney Injury Network (AKIN) guidelines has made the reports more standardized.\[[@ref4]\] AKI in the Intensive Care Unit (ICU) is associated with mortality as high as 45--50%, with dialysis dependence, with reduced quality of life, and with excess utilization of health resources.\[[@ref3][@ref5]\]

There is a paucity of data regarding the incidence and spectrum of AKI in critically ill patients from the Indian subcontinent, especially South India. In view of this, we have conducted a prospective, observational study of patients who have been admitted to the medical ICU in a tertiary care center in South India.

 {#sec2-1}

### Aim of study {#sec3-1}

The aim of this study was to analyze the incidence, prognostic factors, and 28 days outcome of AKI in the setting of a medical ICU.

### Objectives {#sec3-2}

To find the incidence of AKI in critically ill patients in our centerTo assess the outcome of AKI with requirement of hemodialysis (HD) and 28 days mortalityTo assess the ability of 24 h RIFLE classification to prognosticate AKI.

Patients and Methods {#sec1-2}
====================

This was a prospective, observational cross-sectional study conducted in the 28 bedded medical ICU of a tertiary care hospital. The population served by this multispecialty tertiary care center is a mixture of urban and rural population admitted as referrals or as primary admissions.

After Institutional Ethics Committee approval and informed consent, all patients with AKI admitted in the ICU of our institution were prospectively enrolled in the study. The study period was for 6 months from April 2012 to October 2012. AKI was defined as an absolute creatinine value of\>1.6 mg/dl or a 25% increase from baseline creatinine values. All patients with age \<18, a baseline serum creatinine ≥5.0 mg/dL, end-stage renal disease (ESRD) on dialysis, and transplanted kidney were excluded from the study.

In addition to the demographic factors like age, sex, date of admission to ICU, and preexisting co morbidities were recorded. The Acute Physiology and Chronic Health Evaluation (APACHE) and sequential organ failure assessment (SOFA) score on admission was calculated. The acute illness of the patient was classified as cardiovascular, respiratory, gastrointestinal, renal, or neurological. We also classified the patients according to maximum RIFLE class in the first 24 h of inclusion in the study. We used only the urine output criteria for the classification\[[@ref4]\] \[[Table 1](#T1){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\].

###### 

RIFLE classification
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![Classification of acute kidney injury patients to risk, injury, and failure groups](IJCCM-20-332-g002){#F1}

The presence of sepsis and septic shock, requirement of mechanical ventilation (MV), or vasopressors was recorded. Sepsis was diagnosed if the patient had a possible infection and fulfilled at least two systemic inflammatory response syndrome criteria. Details regarding renal replacement therapy (RRT) were collected. HD is the only method used for support of patients with loss of renal function in our center. The patients were followed up for 28 days from admission. Outcomes looked at were 28 days mortality and requirement of HD in AKI.

Statistical analysis was done using SPSS 14 (SPSS Inc., Chicago, IL, USA). Continuous variables were presented as mean (±standard deviation). Univariate statistical analysis was performed by Chi-square test for comparing proportions and ANOVA for comparing means. Multivariate logistic regression then done with significant variables to assess independent risk factors for mortality in patients with AKI and requirement of RRT. The value *P* \< 0.05 was considered to be statistically significant.

Results {#sec1-3}
=======

Total admissions in our medical ICU between April 2012 and October 2012 were 732 patients. After excluding patients with ESRD and patients under 18 years of age, we collected data of 715 patients. Out of these 715 patients, 115 had AKI.

The crude incidence of AKI was 16.1%, and mortality was 7.8%.

The average age of the patient with AKI was 59.7 ± 14.01. 64.3% were males. The average stay in ICU was 11.0 ± 8.5 days. The mean APACHE II score was 25.7 ± 7.81 and SOFA score was 8.8 ± 3.55 at admission. Comorbidities of the patients were recorded and diabetes mellitus (58.3%) was the most common. The clinical features and biochemical values on the admission of the AKI patients are mentioned in [Table 2](#T2){ref-type="table"}. In this study, 87 (75.7%) patients had sepsis, 71.3% patients had metabolic acidosis and 47.8% patients were in shock on admission. 57.4% of patient\'s required MV.

###### 

Characteristics of patients with AKI on admission
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Among patients with AKI, 39.1% required RRT. HD was done in all patients. The number of HD expressed as median (interquartile range \[IQR\] 25--75%) were 4 (2--7.2) and the number of days in HD was 5 (3--10) \[[Table 3](#T3){ref-type="table"}\]. The requirement of RRT was significantly affected by increasing age, creatinine values, APACHE II and SOFA scores, and the presence of septic shock with requirement of noradrenaline support on admission \[[Table 4](#T4){ref-type="table"}\].
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Details of hemodialysis
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###### 

Multinomial regression analysis for RRT
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About 49.5% of patients with AKI died within 28 days. Demographic data were comparable between survivors and nonsurvivors. Univariate analysis was done to identify risk factors for mortality, age, sex, SOFA and APACHE II score, comorbidities, sepsis, use of vasopressors (Noradrenaline), and requirement of MV were among the factors considered.

In the logistic regression analysis, the use of vasopressors (noradrenaline) was found to be an independent predictor of mortality. Requirement of mechanical ventilatory support and increasing ICU stay was found to have a significant relation to mortality. Though SOFA score was found to have an association to mortality in univariate analysis, it was found to be nonsignificant in logistic regression analysis while increasing APACHE II scores showed no association. Hypertension, chronic kidney disease (CKD), and increasing age showed significant association with mortality. Other comorbidities did not affect 28 days survival \[[Table 5](#T5){ref-type="table"}\].

###### 

Multinomial regression analysis for 28 days mortality
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The median (IQR) number of days of ICU stay in R, I, and F was 10 (7--17), 7 (5--14), and 8 (5--15) days, respectively. The maximum RIFLE score in the first 24 h correlated well to the requirement of HD. Only 3 patients in group R required RRT while it was 11 and 31, respectively, in I and F group. Pearson Chi-square analysis showed a significant difference between the R, I, and F groups. The percentage of mortality in these three groups did not show a significant difference in our study \[[Table 6](#T6){ref-type="table"}\].

###### 

RIFLE class and outcome of AKI patients
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Discussion {#sec1-4}
==========

AKI is common in patients admitted in the ICU. The AKI is often of multifactorial etiology, but it is known to increase mortality, length of ICU and hospital stay and also increase the cost of care in critically ill patients. It alters the outcome of patients, especially those requiring RRT.\[[@ref5]\] Hence, data about the incidence and outcome of AKI patients can have important health resource utilization and economic implications.

Our study was conducted over a 6 months period in the 28 bedded medical ICU of our institution. The incidence of AKI in our study population was 16.1%. About 75% of patients in our study was admitted with sepsis. Previous studies from India have shown a similar incidence (17.1%) of AKI in medical ICU.\[[@ref6]\] The demographic analysis of our patients revealed that the average age of our patient population was 59.77 and 64.3% of them were male. This is similar to previous studies.\[[@ref7]\]

The decision to initiate RRT was by the nephrologist in our ICU. Indications for RRT included metabolic acidosis, hyperkalemia, uremia, and control of volume status.\[[@ref8]\] All patients underwent HD. Based on our study, prediction of the requirement of RRT-based on admission values of bilirubin, sepsis, and metabolic acidosis does not seem to be valid. Only creatinine on admission, increasing age, APACHE II, SOFA score, and use of noradrenaline were significantly associated with the requirement of HD in multivariate analysis. There was no significant difference between survivors and nonsurvivors in the number of HD done. This is similar to other studies which compared the intensity and timing of RRT in patients with AKI.\[[@ref9][@ref10]\] Among the survivors, 19.3% required RRT after discharge from ICU and 6.1% required dialysis after discharge from hospital.

AKI increases the risk of mortality of patients, especially in critically ill patients.\[[@ref11][@ref12]\] Mortality rates in patients with AKI were 49.5% which is similar to previous studies.\[[@ref6][@ref12]\] The overall mortality rates in patients with AKI does not show a significant change in the last 10 years. Even though the facilities and care have improved over these years, the increased mortality might be due to the sicker patients admitted in ICU and more associated comorbidities. Older age, requirement of vasopressors, and requirement of MV and RRT still increase the risk of mortality.\[[@ref11]\]

The newly introduced AKIN and RIFLE criteria for the diagnosis of AKI is aimed at reducing the disparities in diagnosing AKI.\[[@ref4][@ref13]\] In critically ill patients, the variation in creatinine can occur in short periods of time. Urine output may be a better way to assess the renal status, and it has the additional advantage that it is the same in both criteria. In our study, the RIFLE criteria correlate well with the requirement of RRT as was the case in multiple previous studies.\[[@ref13][@ref14]\] Though our analysis did not show significant association of all RIFLE classes with mortality, many studies have shown good association with mortality.\[[@ref15][@ref16]\] One reason for the discrepancy could be that we chose only urine output criteria for the classification and not the maximum RIFLE class based on creatinine or urine output. The Thai study took the maximum RIFLE class after admission while we took the RIFLE class on inclusion into the study.\[[@ref16]\] The study by Maccariello E on RIFLE classification and outcomes in patients requiring RRT did not show significant variation in outcome between the different classes in multivariate analysis, which is similar to our findings.\[[@ref17]\]

 {#sec2-2}

### Limitations of the study {#sec3-3}

This was a single-center, prospective study of only 6 months duration. The follow-up period is too short to know whether the kidneys have recovered or if the patients required longterm RRT. The AKI in postoperative patients have not been included in the study as ours was a medical ICU. A larger multicenter study can provide a more significant association between urine output criteria of RIFLE and outcome of AKI.

Conclusion {#sec1-5}
==========

The incidence of AKI was 16.1% in critically ill patients. In patients with AKI, 39.1% patients required HD and 28 day mortality was 49.5%. AKI patients with septic shock with vasopressors have a higher requirement of RRT, especially as age increases. Underlying chronic illness such as hypertension and CKD, need for MV, vasopressor support, and RRT are associated with increased 28 days mortality in AKI. The positive univariate association of urine output criteria of RIFLE classification with the requirement of HD in AKI patients warrants further research.
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